A new method for identifying secretory signal sequences and for predicting the site of cleavage between a signal sequence and the mature exported protein is described. The predictive accuracy is estimated to be around 75-80J for both prokaryotic and eukaryotic proteins.
As shown below, maximum predictive accuracy was obtained for p--12 and q-2.
RESULTS

The (-3,-1)-rule
Based on previous statistics (2), acceptable cleavage sites were suggested to conform to the following rules: the residue in position -1 must be small, i.e. either Ala, Ser, Gly, Cys, Thr, or Gin; the residue in position -3 must not be aromatic (Phe, His, Tyr, Trp), charged (Asp, Glu, Lys, Arg), or large and polar (Asn, Gin). Further, It was suggested that Pro must be absent from positions -3 through +1. The new amlno acid counts presented in Tables 1 & 2 are based on more than twice as many sequences; nevertheless, the (-3,-1)-rule is seen to hold remarkably well. The only exceptions found to date among eukaryotio proteins are one sequence with Leu In -1 , one with Pro in -2, and three with Pro in -1. Thus, barring sequencing errors, we must This is in sharp contrast to the n-reglon where Arg/Lys -66/72 -0.9 and to proteins in general where the expected ratio Is 0.6 (Table 1 , last column). To score for possible signal sequence function, and to locate the most probable cleavage site in a putative 3ignal sequence, weight-matrices for prokaryotic and eukaryotic signal sequences were constructed as follows. The raw amlno acid counts for the two samples (Tables 1 & 2 
Assessaent of the predictive accuracy
When the two weight-matrices were used to predict the cleavage sites in the samples used in their construction, virtually all sites were correctly identified (87< in the eukaryotic sample, 100J in the prokaryotlc sample).
However, these sequences are at an advantage relative to sequences not Included in the matrix: when correctly aligned with the weight-matrix, all residues in a sequence included in the weight-matrix sample will correspond to a count, and a spuriously high predictive accuracy will be found.
To avoid this problem, the eukaryotic sample was divided into 7 sub3ample3, each of 23 sequences. For each subsample, the remaining 138 sequences were used to construct a new weight-matrix, and this matrix was then applied to the subsample. Similarly, the prokaryotlc sample was divided into t subsample3, each of 9 sequences. All subsequent calculations were carried out by summing the re3ult3 for the subsamples.
Weight-matrices Including positions -15 to +5 were first used to determine the effect of ignoring residues at either end in the predictions.
It was found that positions -13 to +2 were sufficient to obtain maximal predictive accuracy (for the prokaryotic sample, positions -5 to +2 were sufficient but the full -13 to +2 range was respectively (81t and 69* for the prokaryotic sample).
As has been shown previously (1,7), residues -13 to -6 correspond to the h-reglon in the "average" eukaryotic signal sequence, residues -5 to -1 correspond to the c-region, and residues +1 and +2 seem to be selected such that few alternative cleavage sites should exist in the vicinity of the correct one (I.e. residues -5 to +2 can be included in an extended c-region).
Thus, it is possible to calculate the scores for the h-and c-regions separately by sunning the contributions from positions -13 to -6 and -5 to +2, respectively. As shown in Fig.1 , the average h-region score for the eukaryotic sample Increases slowly as the window is moved up to position -1 (the known cleavage site), and then decreases. The average c-region score -28 SCORE 
DISCUSSION
U3ing
a standard weight-matrix approach easily implemented even on a micro-ccmputer, it is possible to set up a prediction method that (i) provides a clean discrimination between signal sequences and the N-termlnal region in cytosollc proteins, and (li) can be expected to identify the correct cleavage site 75-80J of the time when applied to new sequences not included in the data base (both prokaryotic and eukaryotic). This represents a significant improvement over previous methods. Since the first submission of this work, another 36 eukaryotic signal sequences with known cleavage sites have been added to the data base. Using the same weight-matrix as above (Table 1) , 75J of these sites were correctly predicted.
